The particle size distribution (PSD) is of great importance in suspension polymerisation since, according to the conditions of subsequent processing of the polymer, certain requirements are imposed upon it. In particular, for foaming polystyrene, fractions in the range 0.4-3.2 mm are commercial. Particles that do not fall in this range (screenings and undersize) become production waste, the magnitude of which sometimes reaches 10% or more. The present report is a continuation of [1] and is devoted to the primary results of studying the possibilities of controlling the PSD in the given process.
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The laws governing the polymerisation of styrene, including suspension polymerisation, have been studied intensively [2] [3] [4] [5] [6] [7] [8] [9] . However, there are very few studies analysing the specific form of the PSD of the polymer beads formed. Most studies are oriented towards the average particle diameter, and much more rarely is any measure of the spread about this value pointed out. Existing reviews concerning this question are either qualitative in nature or theoretical, with special reference to the mechanisms of coalescence and redispersion. Of the attempts at quantitative generalisation, the work of Leng and Quarderer is noteworthy. Qualitative analysis of the formation of the PSD as applied to the production of foaming polystyrene is given in [3] . In this latter work, three main groups of factors affecting the PSD are singled out: physicochemical (type and amount of stabiliser), geometric (type of reactor and mixer and their relative sizes), and technological (phase ratio, viscosity of the prepolymer, temperature-time regime, and mixing regime). Detailed mathematical models of processes affecting the PSD, including the coalescence of drops and their redispersion, are given in an earlier monograph [4] . The authors obtained quantitative expressions, of great apparent practical interest, for the dependence of the average particle size on the physicotechnical characteristics of the polymer phase, the state of the phase interface (surface tension), and the hydrodynamic conditions. Likewise, of theoretical interest is work [5] devoted to the mathematical modelling of the process of PSD formation. Using the population balance technique, a model has been obtained that takes into account the molecular weight distribution (MWD) of the polymer obtained, the viscoelasticity of the dispersion, the interphase tension at the phase boundary, and also the rate of dispersion and coalescence of the drops and the input and dissipation of the mechanical energy of mixing of the suspension. It is natural that such a model turned out to be very complex, with many empirical parameters, the values of which were estimated from experimental data published earlier. In particular, determination of the rates of coalescence and redispersion was based on data in [6] on the effect of a stabiliser on the process of coalescence of drops in suspensions of styrene in water and on [7] , where the rate of coalescence and dispersion in a mixing reactor was determined in experiments. Judging from the data given in the article, this model describes well the nature of change in the average particle diameter according to Soter with variation in the main process conditions: the amount of initiator and stabiliser, the phase ratio, and the efficiency of mixing. A special feature of the model is also that it explicitly takes into account the kinetics of polymerisation and, according to the claim by the authors, retains its predictive capacity right up to dynamic instability at large monomer/water ratios (over 0.4), i.e. explicitly takes into account the dynamic nature of the process itself. The obtained estimates of the time of cessation of the dispersion of drops and their coalescence on account of increase in viscosity correspond in order of magnitude to the observations of Oshima and Tanaka [8] , who established that the dispersion of drops ceases roughly at a monomer conversion of 60%, and coalescence at a monomer conversion of 80%. The PSD obtained by this model is described by a unimodal threeparameter gamma distribution.
In all these and other studies, the PSD is assumed to be unimodal. Only in rare cases are there indications of other forms of PSD not often noted by authors. For example, in [9] , which is devoted to a study of the influence of the molecular weight of polyvinyl alcohol on the particle size in the suspension polymerisation of styrene, in a number of cases at least two maxima are observed on the PSD curves. The data of the work cited above [6] are even more graphic in this regard. In the graphs of the PSD in [6] , several maxima are pronounced, but the authors prefer to speak only of the bimodality under certain conditions. It must be pointed out that the vast majority of studies have been carried out with water/ monomer ratios and stabiliser concentrations resulting in the production of polymer beads with an average particle size of 1 mm and even less than 0.1 mm, with which, according to our data, the polymodality of the PSD is weak.
This contradicts our observations both in the laboratory and on specimens of industrial suspension polystyrene. Sieve analysis of industrial foaming polystyrene showed [1] that its PSD is stable polymodal. Laboratory tests confirmed this conclusion, maxima being found on the PSD curves in the region of diameters of less than 0.4 mm. Furthermore, as it turned out, the process has a pronounced dynamic nature and exhibits increased parametric sensitivity to relatively small changes in how it is conducted.
In this context, we investigated the influence on the nature of the PSD of different parameters: the type and amount of stabiliser, the temperature regime, the type of stirrer, and the mixing regime.
The following stabilisers were studied: PVA, sodium styromaleate and sodium polymethacrylate of different degrees of neutralisation, sodium salt of carboxymethylcellulose, powders of potassium trisphosphate, whiting, fine colloidal silica, etc., and also mixtures of these powders with PVA. Selected data are presented in Figures 1 and 2 . From these figures it can be seen that, in all cases, a polymodal distribution is reproduced with 3-4 maxima, the magnitude of which naturally depends on the properties and concentration of the stabilisers used. However, increase in the stabiliser concentration leads not to a change in the form of the PSD but only to redistribution between stably positioned maxima on the diameter scale. For example, in Figure 1 a reduction in the 1 mm peak and an increase in the 0.163 mm peak as the styromaleate concentration increases can be positively traced.
The experiments given in Figure 1 were carried out under a variable temperature and hydrodynamic regime in a round-bottomed flask equipped with a two-paddle stirrer.
The weak dependence of the form of the PSD on the synthesis conditions is also confirmed by Figure 2 , which presents the results of processing a certain portion of experiments set up to a simplex plan in a reactor of 1 l volume, equipped with a six-paddle stirrer. The observed picture hardly differs from that presented in Figure 1 . The position of the maxima on the PSD curves is retained. Neither is the form of the PSD affected by whether a prepolymer of a certain degree of polymerisation or pure styrene is introduced into the polymerisation reaction. Figure 3 presents a study of the influence of the speed of the stirrer on the PSD during the polymerisation of pure styrene in a flask of 0.25 l volume, from which it follows that the nature of the PSD is retained in this case.
Thus, the experimental data given above lead to the conclusion that the PSD during the suspension polymerisation of styrene not only is stably polymodal irrespective of the conditions of its production but also exhibits constancy in the position of the maxima on the particle diameter scale. Stable maxima are observed on the PSD curves in the same ranges of particle sizes. This series of discrete sizes (in terms of fractions) has the following form: 0.09, 0.16, 0.4, 0.63, 1.0, 1.6, 2.0, and 3.00 mm irrespective of the type and concentration of stabiliser and the temperature and hydrodynamic regimes of synthesis. There is a change only in the height of the peaks on the PSD curves. It must be pointed out that the resolution of sieve analysis is fairly low on account of the standard logarithmic scale of their sizes, but the appearance of maxima on the PSD curves can be considered as an established fact.
The causes of formation of the many peaks on the PSD curves are not sufficiently clear. The final form of the PSD is the result of the complex physicochemical processes occurring in the reaction mixture in the so-called "sticky" period of the process [4] . At the start of the process, drops gradually lose the ability to disperse owing to increase in their Newtonian viscosity but retain the ability to coalesce. This process is controlled both by the rate of conversion of monomer to polymer and by the hydrodynamic conditions in the reactor and the type and concentration of stabiliser.
A special role should be played by the increase in viscosity that is connected with increase in the degree of monomer conversion. It is this that governs the same gradual inhibition of coalescence -drops gradually "solidify" and their collisions become elastic. It is significant that the rate of this process should be entirely controlled solely by the rate of the chemical reaction of conversion of monomer to polymer and not depend on the accompanying conditions of stabilisation, mixing, etc. It is this competition of the processes of solidification and coalescence of drops in the "sticky" state that seems to result in the observed dynamic nature of the process: if the "solidification" rate turns out to be greater than the coalescence rate, then the process will end stably in the formation of a polymer bead of particular PSD. If the opposite is the case, then the actually observed rolling up of the suspension into one large drop is possible. It is this that explains the dynamic nature of the process.
However, with the stochasticity of the processes of coalescence and redispersion that is proposed in all the models, with any initial unimodal size distribution of drops (a normal logarithmic distribution [4] or a gamma distribution [5] ), the formation of a unimodal distribution of the final polymer particles is to be expected. The results obtained by us contradict these theoretical expectations. It looks as if random (chaotic) collisions of particles in the "sticky" stage of the process lead to the formation of a definite (ordered) series of permitted particle sizes. This indicates a much more complex nature of the process of PSD formation than that postulated in existing models of this process. The reasons for this are unclear, and additional experimental data and theoretical searches are necessary for an understanding of this undoubtedly interesting effect.
EXPERIMENTAL
The styrene used in the work was washed with an alkaline solution to remove inhibitor and vacuum distilled directly before use. A prepolymer with a 30% degree of conversion was obtained by dissolving polystyrene in styrene. The initiator (benzoyl peroxide) was introduced in the form of a styrene solution prepared directly before the experiment. Water-soluble stabilisers (in the form of 1 wt.%) were prepared beforehand, and their necessary concentrations in the reaction mixture were prepared in the reactors themselves by mixing with distilled water. All experiments were carried out with a water/monomer ratio of 1:2. The adopted base formulation was as follows (in weight fractions): 0.51 distilled water, 0.6 stabiliser solution with a concentration of 1 wt.%, 0.42 prepolymer (taking into account the styrene spent on dissolving 0.0014 initiator).
The experimental procedure was as follows. Distilled water and the necessary quantity of 1% stabiliser solution were poured into the reactor. During mixing (stirrer speed Figure 3 Dependence of PSD of polystyrene on stirrer speed (rpm): 1 -800; 2 -600; 3 -400 (T = 94˚C, stabiliser sodium styromaleate) n 1 (rpm)), the reactor was brought to the prescribed temperature of 60˚C and blown with nitrogen. Then the prepolymer (or styrene) was introduced, with the initiator dissolved in it, and the temperature was raised to 80˚C over a 40-45 min period. The time of the start of the reaction was considered to be the time of charging of the prepolymer with the initiator, and the time of the end of the reaction as the solidification of drops of the polymer (7-8 h) . After 1 h of the reaction, the stirrer speed was changed (n 2 (rpm)). The mixture was held at 80˚C for 3.5 h, and then the temperature was gradually raised to 95˚C, at a rate of 0.2 K/min, at which temperature it was held until a solid bead was formed (roughly 1-2 h). After the reaction, the contents of the reactor were cooled to 60˚C and discharged, and the bead was filtered out, thoroughly washed with distilled water, and dried in air for 24 h. Screening of the bead obtained was carried out on a standard set of sieves. Nominally, the portion of particles of a given fraction related to the cell size of the sieve on which it was collected. The obtained fractions were weighed on an analytical balance.
Experiments were carried out on two units. The first was a four-necked glass flask of 0.25 l volume, the temperature in which was maintained with an accuracy of 0.2 K. Mixing was carried out with two types of stirrera twin-paddle and an eccentric stirrer, the speed of which was controlled by a tachometer. The main second unit was a metal reactor of 1 l volume with a six-paddle stirrer. The fixed temperature and speed of the stirrer were similar to those described above.
